and sodium hydroxide solutions are combined with urine or protein-free filtrate from serum.
As is well known, substances other than creatinine react to give positive error, the relative amount of interference usually being much greater in serum than in urine.
Many specific methods have been proposed for determining creatinine in serum and urine. In several of these, creatinine is separated from interfering substances with strongly acidic cation-exchange resin (1) (2) (3) (4) . After the creatinine is adsorbed by the resin from an acid solution, it is easily eluted by increasing the pH. Most substances that reportedly interfere with the determination of creatinine by the Jaff#{233} reaction are neutral or anionic and would not be retained on a cation-exchange resin, and so would not interfere with these methods. In the methods of Teger-Nilsson (1), Sadilek (2) , and Rockerbie and Rasmussen (4), serum or urine is diluted with weak acid and applied to the resin, which is in the hydrogen form. After adsorption of creatinine and before it is eluted, the resin is converted to the sodium form by washing with a dilute sodium chloride solution. This is necessary because hydrogen ions in the eluate interfere with the Jaff#{233} reaction. During conversion of the resin to the sodium form, creatinine can be eluted from the resin, causing poor recovery and incorrect results.
We have developed a method in which the creatinine is separated from serum or urine with a small cation-exchange column in the sodium form at pH 3. After a water wash, the creatinine can be directly eluted with the Jaff#{233} reaction buffer. This rapid and 
Materials and Methods

Reference Methods
Direct and Lloyd's reagent procedures for determining creatinine were performed on the same filtrate, essentially as described by Natelson (5) , except that in the Lloyd's reagent procedure the creatinine was eluted from the Lloyd's reagent and color developed with 3.0 ml of elution reagent (described below) and 0.5 ml of saturated picric acid. In the direct method the absorbance was determined 20 mm after picric acid was added. 
Reagents for Ion-Exchange Procedure
Procedure
Place the columns in the rack and allow them to drain, then successively wash them with about 2 ml of 2.5 molar NaOH and about 2 ml of water. Equilibrate the resin with about 4 ml of adsorption buffer. Apply
Wash the columns with about 4 ml water, remove the last drop from the tip of the column, then elute the creatinine into a clean tube with 3.0 ml of elution buffer.
To all tubes add 0.5 ml of saturated picric acid, mix, and after 30 mm determine absorbances of unknowns and standard at 505 nm vs. blank.
Allow the columns to drain completely after each step. The same collimns were used throughout this study and stored in a beaker of water when not in use. The average time required for 4 ml of solution to drain completely from the column was 2.3 mm. Figure 1 shows the recovery of creatinine from an abnormal serum vs. pH of adsorption buffer. Recovery of creatinine is maximum when the adsorption buffer has a pH between 3 and 4. Below pH 3 the decreased apparent recovery is probably the result of interference by hydrogen ions rather than incomplete adsorption. Figure 2 shows that creatimne is completely eluted from the column with about 1.6 ml of elution buffer. The amount of saturated picric acid used to develop color was varied between 0.3 and 0.7 ml with less than 5% difference in final results.
Results
Average recovery of creatinine standards from the columns was 96.7%; average recovery of creatinine added to serum was 95.1%.
When a batch of abnormal control serum was analyzed on eight successive days (a different bottle each day), the relative standard deviation of results of the direct, Lloyd's reagent, and ion-exchange methods were 2.7, 1.7, and 2.2%, respectively. Lloyd's reagent procedure and of the ion-exchange procedure for serum creatinine. Table 1 shows a comparison of serum creatinine and creatinine clearance values obtained with the di- on 18 apparently normal adult males. Urine collection period was 9 h. Table 2 shows the effect on the three creatinine methods of various substances known to interfere with the Jaff#{233} reaction. The concentration of interfering substances is far in excess of the amount that would be found in serum, but shows the relative sensitivity of the three methods to interference.
Discussion
The diagnostic value of creatinine determinations is considerably improved when a specific method is used, especially with serum having a low creatinine concentration. The effect of the variable amounts of interfering substances in serum and urine and the complexity of present specific methods for creatinine has discouraged the use of the endogenous creatinine clearance to estimate glomerular filtration rate. The new ion-exchange method presented here is much simpler to perform than the standard Lloyd's reagent procedure and does not require the precisely controlled sodium chloride wash needed in previous ion-exchange methods.
Henry (6) reports a median normal creatinine clearance of 120 ml/min per 1.73 m2 of body surface when a specific method (Lloyd's reagent) was used, which is in very good agreement with the tentative normal values reported in Table 1 for the Lloyd's reagent and ion-exchange methods. Because values obtained by the new method and by the Lloyd's reagent method agree excellently ( Figure 5) , it should be possible to substitute the new method with no change in the normal range and a considerable savings in time necessary to do the test.
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